I. INTRODUCTION
Aquaculture is the farming of aquatic organisms such as fish, shellfish, and plants in marine, freshwater, or brackish water environments. On a global scale, aquaculture production grew rapidly in the 1980s and 1990s and continues to expand at a slower rate today. In 2010, aquaculture supplied 47 percent of world food fish production for human consumption. World aquaculture is dominated by the AsiaPacific region which accounted for 89 percent of global production by volume in 2010. This is largely due to the influence of China, which alone accounted for more than 60 percent of total production volume in that year.1
Traditionally, aquaculture has focused on the farming of species that are low in the food chain, i.e., have a low trophic level. Such species can largely be fed on naturally occurring plankton grown in fertilized ponds or the marine environment and, in some cases, with additional vegetable-based feeds. Species include shellfish and herbivorous (plant-eating) fish such as carp, which still dominate aquaculture today in terms of quantity. About one-third of farmed food fish production is currently achieved without artificial feeding.2 Cultivation of higher trophic level species, such as salmon and marine finfish, relies on using wild fish resources as feed ingredients. These species are not a large part of the global aquaculture production but have become economically very profitable due to a ready market in economically developed countries.
The human population is predicted to continually increase in the coming years, and while capture fisheries production has remained stable in recent years and is not expected to increase, aquaculture is projected to expand its output further in order to help feed a growing population.3 While traditional aquaculture and some modern aquaculture practices are environmentally sustainable, the intensification of aquaculture in recent decades has brought with it serious problems in terms of environmental and social sustainability including: pollution of the surrounding environment with nutrient wastes and harmful chemicals; overuse of antibiotics and development of bacterial resistance; depletion and salinisation of potable water and salinisation of agricultural land; escapes of non-native species; spread of disease to native species; and human rights abuses.4 Aquaculture will now need to move forward with environmentally and socially sustainable systems that can produce affordable and nutritious fish if it is to make a sustainable contribution to meeting the needs of global food security.
This article focuses on two major issues that must be addressed to attain environmental and social sustainability in aquaculture: 1) the excessive use of wild forage fish as feed for aquaculture, and 2) the destruction of important coastal wetland habitats for aquaculture, in particular shrimp farming, which has caused many environmental and social problems.
Intensive aquaculture generally uses fishmeal and fish oil in feeds that are derived mainly from wild forage fish. The majorities of fishmeal and fish oil are for cultivation of higher trophic level species including marine finfish and salmon, as well as most shrimp aquaculture.5 Fishmeal and fish oil in aquafeeds are also sometimes used, but at much lower inclusion rates, in the diet of intensively farmed lower trophic level species such as carp and tilapia species to achieve fast growth to marketable size. 6 The issue with the heavy reliance on wild forage fish as feed for intensive aquaculture is that these forage fish stocks need to be more effectively managed for their long-term viability and for the integrity of marine ecosystems (see section II). Further, in terms of global food security, we argue that a large proportion of the catch that can be taken sustainably from some forage fish stocks would be better directed towards human consumption than for feed for high market value cultured
